Peridynamics as a Rigorous Coarse-
Graining of Atomistics for Multiscale
Materials Design
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Question: What is the relationship between

5 molecular dynamics and peridynamics?
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Purview of peridynamics is the mesoscopic
regime

Courtesy (via the web) Professor Marcus Buehler (MIT)
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Statistical mechanical foundations

The Statistical Mechanical Foundations of Peridynamics

I. Mass and Momentum Conservation Laws

Mark P. Sears| and R. B. Lehoucd|
Multiscale Dynamic Materials Modeling,
and Applied Math and Applications,
Sandia National Laboratories, Albuquerque, NM 87185E|
(Dated: March 5, 2000)

e Peridynamics has a statistical mechanical
foundation—it lies at the mesoscopic regime

o Justifies our claim that peridynamics is a
rigorous coarse-graining of atomistics, or
molecular mechanics




.2 Recipe for generating balance equations

« Express densities (mass, momentum, force, energy)
as phase space (statistical) expectation

* Using Liouville’s equation, compute the rate of
change of this expectation

 Much tedious manipulation results in the balances of
mass, momentum (peridynamic) and energy
(peridynamic)

* Force and heat flux are nonlocal quantities

Question: What about constitutive relationships? What
do we replace stress-strain relationships with?
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.2 Constitutive relation

Question: What about
constitutive relationships?
(What do we replace stress-
strain relationships with?)

divo(x) = divo(grad¥(x))

f k(x',x)dx' = f k(¥(x, x'))dx’

Answer: Map O(x,x’) to force
density (via an integral

Nonlocal because points x'#x are
operator)

involved

The goal of the coarse-graining of atomistics into peridynamics
is to provide a basis for approximating constitutive
relationships at the mesoscopic scale
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LAMMPS and molecular dynamics

Computer Physics Communications 179 (2008) 777-783

Contents lists available at ScienceDirect g...,,.. PHYSICS
ONMUNICATIONS

Computer Physics Communications
{

ESE\R www.elsevier.com/locate/cpc

Implementing peridynamics within a molecular dynamics code

Michael L. Parks®*!, Richard B. Lehoucq®!, Steven J. Plimpton®!, Stewart A. Silling !




3D dynamic brittle fracture in

glass simulations

Physical experiment: S F.
Bowden, J. Brunton, J. Field, and
A. Heyes, Controlled fracture of
brittle solids and interrup tion of
electrical current, Nature, 216,
42, pp.38-42, 1967
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